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-H.E. C.R.  Messengers from a remote Universe
-What do we know, what are we investigating
-Astronomy with H.E. neutrinos

-The proton-gamma-neutrino connection
-The effort for future H.E. neutrino Telescopes



One century of cosmic rays measurements …
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•UHE astrophysical neutrinos will extend the 
limits of the "visible" Universe.

• Detection of n from point-like sources will 
clarify their “nature”: hadronic/electrom. ??

•Multi-messenger observations

Our present 
knowledge about 

Cosmic Rays
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Gamma rays  (0.01 - 1 Mpc)

1 parsec (pc) = 3.26 light years (ly)

AGN, SNR, 
Microquasars, …

protons E<1019 eVneutrinos

Cosmic 
accelerator

protons E>1019 eV (10 Mpc)

• Observed elementary particles or nuclei 
carrying a kinetic energy up to 1021eV (like a 
tennis ball moving at ~150km/h)

• Many open questions:
– Where they come from ?   
– Which acceleration mechanism ?
– …



Motivations for present H.E. neutrino astrophysics 

24/06/21 Antonio Capone – Physics Department University La Sapienza & INFN  - 2nd Gravi-Gamma Workshop

The U.H.E. Cosmic Rays (>1019 eV) require an explanation:

- are they proton ? à then they should be “galactic”! à where is their source ?

- are they extragalactic protons ? where is their source ? à what about GZK ?

- are they heavier nuclei ? where is their source ?

Confirmed gamma-ray sources still need to be understood. Do they accelerate hadrons or electrons ?
These sources will be the first target of neutrino telescopes observations:

- search for astrophysical neutrinos in excess to the atmospheric neutrino flux (conventional and prompt);

- search for neutrinos from point-like sources (list of known gamma-ray emitters, steady or transient).
Measured g-fluxes allow to evaluate the expected amount of n events;

Electromagnetic radiation 
(g-rays) is absorbed

Protons/nuclei are deflected (magnetic fields) and/or 
absorbed

- search for neutrinos from Fermi
Bubbles and from Galactic Plane;

- Search for neutrino in time/space
coincidence with other messenger
(radio, gamma, GW, CR, …)

- and let's not forget that neutrinos
offer the unique possibility to "look"
further away and deeper inside
astrophysical objects revealing so
far "hidden sources". The horizon
for a Neutrino Telescope is wider.
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Astrophysical neutrinos from point-like sources

24/06/21 Antonio Capone – Physics Department University La Sapienza & INFN  - 2nd Gravi-Gamma Workshop 4

http://www-sk.icrr.u-tokyo.ac.jp/sk/sk/solar-e.html

Solar neutrinos measured by SKK (1996-2018)

The n burst lasted about 13 s.

SN1987A neutrino events observed 
by Kamiokande, IMB and Baksan.

Neutrino astronomy is already started …. !
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Neutrino fluxes: what do we know/expect ?

This is our region 
of interest



Detecting neutrinos in H2O
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Schematics of a Cherenkov Neutrino Telescope
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Neutrinos from cosmic sources
induce 1-100 muon evts/y

in a km3 Neutrino Telescope

Up-going µ from neutrinos 
generated in atm. showers

S/N ~ 10-4

Down-going µ from atm. showers
S/N ~ 10-6 at 3500m  w.e. depth

p, nuclei

p, nuclei

€ 

For Eν ≥1TeV   θµν ~ 0.7°

Eν [TeV ]

- Atmospheric neutrino flux ~ En
-3

- Neutrino flux from cosmic sources ~ En
-2

§ Search for neutrinos with En>1÷10 TeV

- ~TeV muons propagate in water for several km
before being stopped
• go deep to reduce down-going atmospheric µ backg.
• long µ tracks allow good angular reconstruction

Picture from ANTARES
up-going neutrino

µ

µ direction reconstructed from the
arrival time of Cherenkov photons on
the Optical Modules: needed good
measurement of PMT hits, s(t)~1ns, and
good knowledge of PMT positions (s
~10cm)

Cherenkov
Neutrino

Telescope

Search for neutrino induced 
events, mainly                  ,  deep 
underwater 

€ 

vµ  N→ µ X

43°

water/ice

rock

charge current
interactions

< 0.1°
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Neutrino Telescope physic's goal
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- search for n from point like–sources:
• hadronic 

• or leptonic ? (no n expected) 
𝒆𝑯.𝑬.+𝜸𝒔𝒚𝒏𝒄 → 𝜸𝑯.𝑬.

• search for time-space coincidence with
known sources: blazars, flaring (gamma, radio, ..) sources, GRBs, … 

- search for "diffuse neutrino fluxes". is their origin related to: 
• H.E. C.R. propagation ?  What is the effect of the Galactic Ridge on their 

production?
• diffuse galactic g background  ?

- search for a p-g-n connection 
• H.E. n (IceCube, ANTARES) - diffuse g fluxes (FERMI)
• H.E. n (IceCube, ANTARES) - U.H.E. C.R. (AUGER and T.A.)

𝒑𝑪𝑹 + 𝒑𝑰𝑺𝑴 → 𝝅𝟎𝝅±…

𝝅𝟎 → 𝜸𝜸 𝑬𝑴 𝒄𝒂𝒔𝒄𝒂𝒅𝒆

𝝅± → 𝝂𝝁, 𝝂𝒆…

F. Aharonian
ICRC-2015



Search for "Point like" cosmic Neutrino Sources
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Galactic

Pulsar Wind Nebula

Supernova Remnants

RX J1713.73946HESS

Microquasars

Extragalactic

Active Galactic Nuclei

• Their identification requires a detector 
with accurate angular reconstruction  

€ 

σ(ϑ ) ≤ 0.5° for Eν ≥1TeV

Experimental  signal :    statistical evidence of an excess of events coming 
from the same direction 

GRB 990123

For transient sources the time measurement
improves the signal detection
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Search for n from "Diffuse Cosmic Neutrino Sources"
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• Unresolved AGN

• Neutrinos from "Z-bursts"

• Neutrinos from "GZK like" p-CMB interactions

• Neutrinos foreseen by Top-Down models

• ….

Their identification out of the more intense background of atmospheric neutrinos (and 
muons) is possible at high energies   (E > TeV) and implies accurate energy reconstruction.

• 2013, first evidence for a diffuse flux of cosmic neutrinos: 28 contained VHE 
astrophysical n events reported by IceCube

Search here !!!
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… looking for the discovery of neutrino point like sources … 
search for cosmic neutrinos (also known as GZK n )Search(for(cosmogenic(ν (aka(GZK(ν)(

Roma,(28/01/2014( Tom(Gaisser( 29(

Limits(from(IC879(+(IC886,(May(20108May2012( This(search(discovered((
two(PeV(cascade(events,(

each(with(just(over(1(PeV(

deposited(energy88lower(

than(expected(for(

cosmogenic(neutrinos.((
The(events(were(just(at(the(

threshold(of(the(search.( 5

FIG. 4. The two observed events from August 2011 (left
panel) and January 2012 (right panel). Each sphere repre-
sents a DOM. Colors represent the arrival times of the pho-
tons where red indicates early and blue late times. The size
of the spheres is a measure for the recorded number of photo-
electrons.

ties in the cosmic-ray flux. Uncertainties in the expected
number of background events are estimated by varying
the associated parameters in the simulation. The two
dominant sources of experimental uncertainties are the
absolute DOM sensitivity and the optical properties of
the ice which contribute with (+43%, −26%) and (+0%,
−42%), respectively. Uncertainties in the cosmic-ray
flux models are dominated by the primary composition
(+0%, −37%) and the flux normalization (+19%,−26%).
The theoretical uncertainty in the neutrino production
from charm decay [16] relative to the total background
is (+13%, −16%). The systematic uncertainties are as-
sumed to be evenly distributed in the estimated allowed
range and are summed in quadrature.
The atmospheric muon and neutrino background

events are simulated independently. However, at higher
energies, events induced by downward-going atmospheric
neutrinos should also contain a significant amount of at-
mospheric muons produced in the same air shower as
the neutrino [19]. Since these events are reconstructed
as downward-going, they are more likely to be rejected
with the higher NPE cut in this region. Thus, the num-
ber of simulated atmospheric neutrino background events
is likely overestimated in the current study.
After unblinding the 615.9 days of data, we observe two

events that pass all the selection criteria. The hypothesis
that the two events are fully explained by atmospheric
background including the baseline prompt atmospheric
neutrino flux [16] has a p-value of 2.9×10−3 (2.8σ). This
value takes the uncertainties on the expected number of
background events into account by marginalizing over a
flat error distribution. Since the prompt component has
large theoretical uncertainties we have also studied how
much our baseline prompt component has to be enlarged
so that the two events can be explained as atmospheric
neutrinos: obtaining two or more events with a probabil-
ity of 10% would require a prompt flux that is about 15
times higher than the central value of our perturbative-
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FIG. 5. Event distributions for 615.9 days of livetime at fi-
nal cut level as a function of log10 NPE. The black points
represent the experimental data. The error bars on the
data points show the Feldman-Cousins 68% confidence inter-
val [20]. The solid blue line marks the sum of the atmospheric
muon (dashed blue), conventional atmospheric neutrino (dot-
ted light green) and the baseline prompt atmospheric neutrino
(dot-dashed green) background. The error bars on the line
and the shaded blue region are the statistical and systematic
uncertainties, respectively. The red line represents the pre-
diction of a cosmogenic neutrino model (Ahlers et al. [21])
with the model uncertainty indicated by the shaded region.
The magenta line represents a power-law flux which follows
E−2 up to an energy of 109 GeV with an all-flavor normaliza-
tion of E2φνe+νµ+ντ = 3.6 × 10−8 GeV sr−1 s−1 cm−2, which
is the integral upper limit obtained in a previous search in a
similar energy range [12]. Signal neutrino model fluxes are
summed over all neutrino flavors, assuming a flavor ratio of
νe : νµ : ντ = 1 : 1 : 1.

QCD model. This contradicts our current limit on the
prompt flux which would allow for not more than 3.8
times the central value at 90% C.L. [18].

The two events are shown in Fig. 4. Both events are
from the IC86 sample, but would have also passed the se-
lection criteria of the IC79 sample. The spherical photon
distributions of the two events are consistent with the
pattern of Cherenkov photons from particle cascades in-
duced by neutrino interactions within the IceCube detec-
tor. There are no indications for photons from in-coming
or out-going muon or tau tracks. Hence, these events are
most likely induced by either CC interactions of electron
neutrinos or NC interactions of electron, muon or tau
neutrinos. CC interactions of tau neutrinos induce tau
leptons with mean decay lengths of about 50 m at these
energies [22]. The primary neutrino interaction and the
secondary tau decay initiate separate cascades which in a
fraction of such events lead to an observable double-peak
structure in the recorded waveforms. The two events do
not show a significant indication of such a signature. Fig-
ure 5 shows the final-cut NPE distributions for the ex-
perimental data, several signal models and background

Engel,(Seckel,(Stanev(

p + �CMB � n + �+ � n µ+ �µ
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70 TeV

220 TeV

210 TeV

250 TeV
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IceCube - 2013
H.E. Starting Event Analysis

the discovery !!

μ νμ

Require that event:

- Does not start in veto region
- Has at least 6000 photoelectrons



High Energy Starting Event Analysis

3-Year Analysis
PRL 113, 101101 (2014) 

36 events in 3 years

Three > PeV events seen 
in three years, including
a 2-PeV neutrino

“Big Bird”
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IceCube 7.5 years data sample - HESE Analysis

upgoing downgoing

arXiv:2011.03545v1

• The measured sample is compatible with a  total flux of     𝜈*, 𝜈+, 𝜈,, �̅�* , �̅�+, �̅�, spectrum              
-.
-/
= 2. 301.341.3 /!

5116*7

08,:;"#.%&'#.(#

6 1005:𝐺𝑒𝑉05𝑐𝑚08𝑠05𝑠𝑟05

• The hypothesis that HESE are due 
to “prompt atmospheric neutrinos” 
is rejected at > 5σ with respect to a 
single power-law astrophysical plus 
atmospheric flux hypothesis 

https://arxiv.org/abs/2011.03545v1


IceCube today: diffuse nµ flux with up-going muons
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after 7 years à 6.4 sigma

2.16

0.97+.27-.25

0.11

PoS(ICRC2017)1005 PoS(ICRC2017)1005

At ICRC 2017, 8 years data sample à 6.7 sigma 



IceCube 2017 
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two methods are consistent

starting
upgoing

High Energy Staring Events and up-going muons analyses give ~ consistent results (?)

𝑑𝜙
𝑑𝐸

= 2. 3!".$%".$ 𝐸&
100𝑇𝑒𝑉

!',)*!".$%
&".'"
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The p - g - n connection
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spectral flux (φ) of nµ from the 8-years upgoing track analysis

ultra-high-energy cosmic rays

spectral n flux from the 7-years HESE analysis
isotropic diffuse gamma ray spectrum

Halzen and Kheirandish, 2019 doi: 10.3389/fspas.2019.00032



IceCube and the Glashow resonance
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On December 8, 2016, IceCube: first observation of 
�̅�* 𝑒 → 𝑊0 (𝐸<=:~6.3 𝑃𝑒𝑉)



ANTARES recent results on the search for diffuse n flux
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Reconstructed Energy

Energy Estimator

PoS (ICRC2019) 891



Where these neutrinos are coming from ??
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No significant clustering observed
A diffuse flux from extragalactic sources. A subdominant Galactic component cannot be excluded.

PoS(ICRC2017)981

Galactic coordinates

+ shower like

x track like



Search for neutrinos from the 
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ℒ𝒔𝒊𝒈>𝒃𝒌𝒈 = *
𝝉∈ 𝒕𝒓,𝒔𝒉

*
𝒊∈𝝉

[𝝁𝒔𝒊𝒈𝝉 - 𝒑𝒅𝒇𝒔𝒊𝒈𝝉 (𝑬𝒊, 𝜶𝒊, 𝜹𝒊) + 𝝁𝒃𝒌𝒈𝝉 - 𝒑𝒅𝒇𝒃𝒌𝒈𝝉 (𝑬𝒊, 𝜶𝒊, 𝜹𝒊)]

New analysis on tracks and showers, based on Max. Lik.

Q = log10(Lsig+bkg)� log10(Lbkg) (4)

with Lbkg = Lsig+bkg(µsh
sig = µtr

sig = 0).
The detection power is computed by building the prob-

ability density functions of the test statistic pdf�(Q) for
di↵erent normalisation factors � of the reference model
fluxes. Pseudo-experiments are thus produced, varying
the number of signal events µsh+tr

sig accordingly. They are

generated using the probability density functions MT and
ET defined before. A total of 105 pseudo-experiments are
produced in the background case (µsh+tr

sig = 0) and 104 for

each value of µsh+tr
sig in the range [1,55] where the rate of

showers, taken from the Monte Carlo simulation, is ⇠20%
of µsh+tr

sig . For each pseudo-experiment, the number of fit-

ted track (µtr
fit) and shower (µsh

fit) events can be obtained.
The distribution of [µsh+tr

sig � (µtr
fit + µsh

fit)] has null mean
value and a standard deviation �⇤ = 13 for the model with
the 5 PeV cut-o↵ and �⇤ = 11 with the 50 PeV cut-o↵. It
is worth noticing that the value of �⇤ is related to the back-
ground fluctuation, which does not change when varying
the true number of signal events for a given model. This
means that, if the exposure increases by a given factor, �⇤

increases less rapidly. The probability density functions
of Q for integer numbers of signal events pdfµsh+tr

sig
(Q) are

obtained from pseudo-experiments. They are linked to
pdf�(Q), with � leading to a mean number of detected
signal events n, by:

pdf�(Q) =
X

µsh+tr
sig

P (µsh+tr
sig |n) · pdfµsh+tr

sig
(Q) (5)

where P is the Poissonian probability distribution.
The systematic uncertainty on the acceptance of the

ANTARES photomultipliers implies an uncertainty on the
e↵ective area of 15%. To account for this, the number of
expected signal events n from a given flux is fluctuated
using a Gaussian distribution with a standard deviation
of 15%. An uncertainty on the background distribution
due to statistical fluctuations in the data is also taken
into account by fluctuating MT

bkg(�i).
The p-value for a given Q is defined as the probabil-

ity to measure a test statistic larger than this one in the
background only case. It is given by the anti-cumulative
probability density function of Q with no injected signal
(Figure 2). Upper limits at a given confidence level are set
according to the corresponding distributions with injected
signal events.

For the model with the 5 PeV cut-o↵, 90% of signal
events are in the energy range [0.35,130] TeV for track-like
events and between [2.0,150] TeV for shower-like events.
For the 50 PeV cut-o↵, these energy ranges are [0.40,230]
TeV for the tracks and [2.2,260] TeV for the showers. To
avoid biasing the analysis, the data have been blinded by
time-scrambling. Both the sensitivity and the discovery
power of the analysis are derived from this blinded
dataset. The sensitivity, defined as the average upper
limit at 90% confidence level, is 1.38⇥�ref when a cut-o↵
for CR primary protons at 5 PeV is set. A mean of

Figure 2: Anti-cumulative distribution of the test statistic
Q from the pseudo-experiments for background only (yel-
low area) and with signal from the reference model with
the 5 PeV cut-o↵ (red line). The corresponding values of
the test statistic for 2� and 3� confidence level are shown
(blue lines) along with the value from data (green line).

Figure 3: ANTARES upper limit at 90% confidence level
on the three flavour neutrino flux (solid black line) on
the reference model with a 50 PeV energy cut-o↵ (blue
dashed line). The neutrino fluxes according to the ref-
erence model with the 5 PeV energy cut-o↵ (blue dot-
ted line), the conventional model with the 50 PeV (red
dashed line) and 5 PeV (red dotted line) cut-o↵s are shown
for all neutrino flavours, as well as the previously pub-
lished ANTARES upper limit (solid green line) and the
4 years of HESE reconstructed by IceCube (black trian-
gles). The di↵use gamma ray spectral energy distribution
derived from PASS8 Fermi-LAT data (red points) is also
presented here.
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The contribution of tau neutrinos has been estimated by
scaling up consistently the number of electron and muon
neutrinos. The data used in this search have been recorded
between the 29th of January 2007 and the 31st of Decem-
ber 2015 for a total livetime of 2423.6 days. Monte Carlo
simulations reproduce the time variability of the detector
conditions according to a “run-by-run” approach [21].

The background consists of atmospheric neutrinos
and downward-going muons created by CR-induced
atmospheric air showers. While atmospheric neutrinos
cannot be distinguished on an event-by-event basis from
cosmic neutrinos, the event selection aims at suppressing
events from downward-going muons by selecting events
reconstructed as upward-going. This procedure follows
the same steps as the one used for the search of point-like
sources in [22]. The selection of events in this analysis
maximizes the detection power of the flux predicted by
the reference model with the 50 PeV cut-o↵ when using
the search method described below. An event is selected
as track-like if it is reconstructed with high-quality by
the tracking algorithm [23] as upward-going. This rejects
most of the background from CR-induced atmospheric
muons. Shower-like events are selected if they are not
present in the track sample and if the event is recon-
structed with high quality by the shower reconstruction
algorithm [22] within a fiducial volume surrounding the
apparatus. These events also have to be reconstructed as
upward-going. The dataset consists of 7300 tracks and
208 showers events. The median angular resolution for
tracks and showers is 0.6� and 2.7� respectively, when
considering the reference model with the 5 PeV cut-o↵.
For the reference model with the 50 PeV cut-o↵, the
median angular resolution for tracks improves to 0.5�

whereas that for showers does not change significantly.

3 Search Method

The analysis presented in this work is based on a likeli-
hood ratio test, widely used in neutrino astronomy as for
example in the search for neutrinos from individual point-
like or extended sources by ANTARES [24, 25, 26, 27]. It
is adapted here to a full-sky search where the signal map is
built according to the reference models mentioned above.
A probability density function of observables was defined
according to given expectations/models. Data are consid-
ered to be a mixture of signal and background events, so
the likelihood function is defined as:

Lsig+bkg =
Y

T 2{tr,sh}

Y

i2T
[µT

sig · pdfT
sig(Ei,↵i, �i) +

µT
bkg · pdfT

bkg(Ei, ✓i, �i)]

(1)

where Ei is the reconstructed energy, ↵i and �i the right
ascension and declination (equatorial coordinates), and ✓i
the zenith angle of the event i. For each event topol-
ogy T (track or shower), given a total number of events
µT
tot, the number of background events µT

bkg corresponds

Figure 1: Probability density function of the reconstructed
direction of signal events MT

sig, in equatorial coordinates
for shower-like (top) and track-like (bottom) events.

to µT
tot � µT

sig. The number of signal events µT
sig is fitted

by maximising the likelihood, allowing only non-negative
values. The signal and background probability density
functions of an event are defined as:

pdfT
sig(Ei,↵i, �i) = MT

sig(↵i, �i) · ET
sig(Ei,↵i, �i) (2)

pdfT
bkg(Ei, ✓i, �i) = MT

bkg(�i) · ET
bkg(Ei, ✓i) (3)

where MT are the probability density functions to recon-
struct an event in a given position in the sky. The proba-
bility density functions MT

sig, shown in Figure 1 (for the 5
PeV energy cut-o↵ model) as obtained from Monte Carlo
simulation, depend on the di↵erential neutrino fluxes pre-
dicted by the reference models folded with the detector
response to a given direction in the sky. The background
distribution MT

bkg is obtained from the data and only de-
pends on the declination. This is due to the fact that
the atmospheric background right ascension distribution
is flat, this being an e↵ect of the Earth’s rotation and of
a uniform distribution of the time the detector was op-
erational. The parameter ET is the probability density
function of the reconstructed energy. For the signal, ET

sig

depends on the equatorial coordinates as the energy spec-
tra of the reference models depend on the position in the
sky. The parameter ET

bkg depends on the corresponding
local zenith ✓i to account for potential reconstruction sys-
tematic e↵ects due to the detector response.

The test statistic Q is then defined as the logarithm of
the likelihood ratio:
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ANTARES arXiv:1705.00497v1 
1 May 2017

Fermi-LAT g

IceCube n

ANTARES 90% UL 2016

New ANTARES 90% UL, 
50 PeV cutoff

KRAg new model to describe 
the C.R. transport in our 
galaxy. It agrees with C.R. 
measurements (KASCADE, 
Pamela, AMS, Fermi-LAT, 
HESS).
FERMI-LAT diffuse g flux from 
along the galactic plane 
(𝜋! → 𝛾𝛾)  well explained 
above few GeV.

KRAg allows to predict the 
n flux by 𝜋± decays 
induced by galactic CR 
interactions

KRAg 50PeV cut-off for CR
KRAg 5PeV cut-off for CR

KRAg assuming a neutrino flux ∝ E-2.5 and a CR spectrum with 50 PeV cut-off can explain ~20% 
of the IceCube observed HESE.
ANTARES, with an good visibility of the Galactic Plane well suited to observe these fluxes or to 
put competitive limits:   no signal found à set 90%C.L. upper limits.



It's mandatory now !!!!

• Let search for neutrino point like sources:
• Large size detector required (very small fluxes expected)
• Very good accuracy in angular reconstruction (high 

background, the irreducible atmospheric background 
has to be subtracted statistically)
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The ANTARES search for point-like n sources
based on two kind of events
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• Tracks: CC 𝝂𝝁 or 𝝂𝛕 → 𝝁

• Interaction can occur far from the detector 
providing a large Effective Volume  

• Angular resol. < 𝟎. 𝟒° for 𝑬𝝂 > 𝟏𝟎 𝑻𝒆𝑽
• Energy resol.   ~ factor 3

• Electronic or hadronic showers: NC and CC 
𝝂𝒆 or 𝝂𝝉 → showers

• Events contained in the detector: smaller 
Effective Volume,

• Energy resolution ~ 5-10%
• Median angular resolution ~ 𝟑°



ground.

2 Candidate list search. In the second approach, the directions of a pre-defined list of known
objects which are neutrino source candidates are investigated to look for an excess or (in
the case of null observation) to determine an upper limit on their neutrino fluxes.

3 Galactic Centre region. The third search is similar to the full sky search but restricted to a
region centred in the origin of the galactic coordinate system (↵, �) = (266.40�,–28.94�) and
defined by an ellipse with a semi-axis of 15� in the direction of the galactic latitude and a
semi-axis of 20� in galactic longitude. The motivation relies on the number of high-energy
neutrino events observed by the IceCube (IC) detector [19, 20] that appear to cluster in
this region. Furthermore, the HESS Collaboration recently discovered an accelerator of
PeV protons in the Galactic Centre [21] that could produce high-energy neutrinos.

4 Sagittarius A*. Finally, the fourth approach tests the location of Sagittarius A* as an extended
source by assuming a Gaussian emission profile of various widths.

Figure 6 represents the event sample in equatorial coordinates in the ANTARES visible sky.
The considered neutrino source candidates and the search region around the Galactic Centre are
also indicated.

Figure 6: Sky map in equatorial coordinates of the 7629 track (blue crosses) and the 180 shower
(red circles) events passing the selection cuts. Yellow stars indicate the location of the 106 candi-
date neutrino sources, and yellow squares indicate the location of the 13 considered tracks from
the IceCube high energy sample events or HESE (see Section 4.2). The black solid ellipse indi-
cates the search region around the Galactic Center, in which the origin of the galactic coordinates
is indicated with a black star. The black dashed line indicates the galactic equator.
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ANTARES Search for cosmic n from known point-like Sources

Antonio Capone – Physics Department University La Sapienza & INFN  - 2nd Gravi-Gamma Workshop 24

here …. no significant excess has been found … but keep tuned 

Candidate
Sources 

IC HESE tracks

GC region

Blue: Tracks
Red: Cascades

9 years of ANTARES data searching for all neutrino flavours:  
7629 “tracks” + 180 “shower” events passed the selection criteria

24/06/21

𝒍𝒐𝒈ℒ𝒔𝒊𝒈4𝒃𝒌𝒈 = V
𝑺F𝒕𝒓.,𝒔𝒉.

V
𝝉F𝑺

𝒍𝒐𝒈[𝝁𝒔𝒊𝒈𝝉 6 ℱ𝒔𝒊𝒈𝝉 (𝜹) 6 𝓟𝒔𝒊𝒈,𝒊
𝝉 (𝑬𝒊) +𝓝𝝉 6 𝓑𝒊𝝉 6 𝓟𝒃𝒌𝒈,𝒊

𝝉 (𝑬𝒊)] − 𝝁𝒔𝒊𝒈
ANTARES arXiv:1706.01857v1, 6 June 2017 

equatorial coordinates 



ANTARES results: “full sky search” of n sources
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The visible sky of ANTARES divided on a 18×18 (r.a x decl.) boxes.
Maximum Likelihood analysis searching for clusters 

ANTARES arXiv:1706.01857v1, 6 June 2017 

4.1 Full sky search

In the full sky search, the whole visible sky of ANTARES is divided on a grid with boxes of 1�⇥1
�

in right ascension and declination for the evaluation of the Q-value defined in Equation (2). This
value is maximised in each box by letting the location of the fitted cluster free between the 1�⇥1

�

boundaries. Since an unbinned search is performed, events outside the grid boxes are indeed
considered in each Q-value maximisation. The pre-trial p-value of each cluster is calculated by
comparing the Q-value obtained at the location of the fitted cluster with the background-only
Q obtained from simulations at the corresponding declination. Figure 7 shows the position of
the cluster and the pre-trial p-values for all the directions in the ANTARES visible sky. The
most significant cluster of this search is found at a declination of � = 23.5� and a right-ascension
of ↵ = 343.8� and with a pre-trial p-value of 3.84⇥ 10

�6. To account for trial factors, this
pre-trial p-value is compared to the distribution of the smallest p-values found anywhere in the
sky when performing the same analysis on many pseudo-data sets. It is found that 5.9% of
pseudo-experiments have a smaller p-value than the one found in the final sample, corresponding
to a post-trial significance of 1.9� (two-sided convention). The upper limit on the neutrino flux
coming from this sky location is E2d�/dE = 3.8⇥ 10

�8
GeV cm

�2
s
�1. The location of this

cluster is found at a distance of 1.1� from event ID 3 from the 6 year Northern Hemisphere
Cosmic Neutrino flux sample from IceCube [22]. 26 out of the 29 of these events are found in a
declination range between -5� and 30�. By assuming a random distribution of 26 events within
this declination range, a random coincidence within 1� between at least one event and the most
significant cluster of the full sky search is ⇠1%. The distribution of events of this cluster is shown
in Figure 8-top-left. It contains 16(3) tracks within 5

�
(1

�
) and 1 shower event within 5

�. The
upper limits of the highest significant cluster in bands of 1� in declination at a 90% Confidence
Level (C.L.) obtained using the Neyman method [23] are shown in Figure 9.

Figure 7: Sky map in equatorial coordinates of pre-trial p-values for a point-like source of the
ANTARES visible sky. The red circle indicates the location of the most significant cluster of the
full sky search. For this map, a smaller grid size of 0.2�⇥ 0.2� was used.
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The most significant cluster: decl. δ = 23.50, r.a. α = 343.80 has a pre-trial p-value of 3.84×10−6

à U. L.  from this sky location 𝑬𝟐 𝒅𝚽
𝒅𝑬
= 𝟑. 𝟖×𝟏𝟎0𝟖 GeV cm-2 s-1

equatorial coordinates 



ANTARES & IceCube: “full sky search” of n sources
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Figure 9: Upper limits at a 90% C.L. on the signal flux from the investigated candidates assuming
an E�2 spectrum (red circles). The dashed red line shows the ANTARES sensitivity and the
blue dashed line the sensitivity of the seven years point-like source analysis by the IceCube
Collaboration for comparison [24]. The upper-limits obtained in this analysis are also included
(blue dots). The ANTARES 5� pre-trial discovery flux is a factor 2.5 to 2.9 larger than the
sensitivity. The curve for the sensitivity for neutrino energies under 100 TeV is also included
(solid red line). The IceCube curve for energies under 100 TeV (solid blue line) is obtained from
the 3 years MESE analysis [25]. The limits of the most significant cluster obtained in bands of
1� in declination (dark red squares) are also shown.

4.2 Candidate list

The candidate list used in the last ANTARES point-like source analysis [15] contained neutrino
source candidates both from Galactic and extra-Galactic origin listed in the TeVCat catalogue
[26]. These sources had been observed by gamma-ray experiments before July 2011 in the 0.1–
100 TeV energy range and with declinations lower than 20

�. Furthermore, since the energy of
high energy gamma-rays of extra-galactic origin can degrade before they reach the Earth, extra-
Galactic candidates were selected also among the sources observed by gamma-ray satellites in the
1–100 GeV energy range. This paper updates the neutrino search for the 50 objects considered
in [15] with additional 56 galactic and extragalactic sources. The newly considered sources
include those detected in the 0.1–100 TeV energy range by gamma-ray experiments after July
2011 and some bright sources with declinations between 20� and 40� not considered in the past.
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90% U.L.

9 years of ANTARES data :  
7629 “tracks” + 180 “shower”



Joint IceCube + ANTARES search for n sources
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boosted decision trees using 17 observables, and includes the
use of the IceTop veto.

The total number of southern sky events selected from the
three-year sample is 146,018 events.

3.3. Relative Fraction of Source Events for Different Source
Assumptions

The relative fraction of expected source events from each
sample needs to be calculated to estimate its respective weight
in the likelihood that will be used to search for an excess of
events from a particular direction (see Section 4). This fraction
is defined as the ratio of the expected number of signal events
for the given sample to that for all samples,
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N j, with a given source declination, δ, and a given source
spectrum, F
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The time integration extends over the live time of each
sample and dnA E ,j

eff ( ) indicates the effective area of the
corresponding detector layout j as a function of the neutrino
energy, Eν, and the declination of the source, δ.

Because each detector layout has a different response
depending on the neutrino energy and declination, this relative
fraction of source events needs to be calculated for different
source spectra and source declinations. Figure 3 shows the
relative fraction of signal events for an unbroken E−2 spectrum,
which corresponds to vanilla first order Fermi acceleration
(Krymskii 1977; Blandford & Ostriker 1978). In this case, there
is a significant contribution from all samples over most of the
southern Sky, with the ANTARES contribution being more
significant for declinations closer to δ=−90° and IceCube for
declinations closer to 0°. The reason for this variability is
mostly due to the declination-dependent energy cut applied in

the IceCube samples to reduce the background of atmospheric
muons.
Other source assumptions are also considered in this

analysis. The relative fraction of source events is calculated
for an unbroken E−2.5 power-law spectrum, as suggested in
recent IceCube diffuse-flux searches (Aartsen et al. 2015), and
for an E−2 spectrum with exponential square-root cut-offs

⎜ ⎟⎛
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⎠µ -F -E expd

dE
E

E
2

cut off‐
of 100 TeV, 300 TeV, and 1 PeV,

because a square-root dependence may be expected from
Galactic sources (Kappes et al. 2007). Figure 4 shows the
relative fraction of source events for these cases. Compared
with an unbroken E−2 spectrum, the contribution of high-
energy neutrinos in all of these cases is lower, and therefore the
relative contribution of the ANTARES sample increases.

4. SEARCH METHOD

An unbinned ML ratio estimation has been performed to
search for excesses of events that would indicate cosmic
neutrinos coming from a common source. In order to estimate
the significance of a cluster of events, this likelihood takes into
account the energy and directional information of each event.
Due to the different detector response, the data sample that an
event belongs to is also taken into account. The likelihood, as a
function of the total number of fitted signal events, ns, can be
expressed as:
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where j marks one of the four data samples, i indicates an event
belonging to the jth sample, Si

j is the value of the signal
probability distribution function (PDF) for the ith event, Bi

j

indicates the value of the background PDF, Nj is the total
number of events in the jth sample, and n j

s is the number of
signal events fitted for in the jth sample. Because a given
evaluation of the likelihood refers to a single source hypothesis
at a fixed sky location, the number of signal events n j

s that are
fitted for in each sample is related to the total number of signal

Figure 6. Skymap of pre-trial p-values for the combined ANTARES 2007–2012 and IceCube 40, 59, 79 point-source analyses. The red circle indicates the location of
the most significant cluster (0.7σ post-trial significance in the one-sided sigma convention), discussed in the text.
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The Astrophysical Journal, 823:65 (12pp), 2016 May 20 Adrián-Martínez et al.

Skymap of pre-trial p-values for the combined 
ANTARES 2007/12 and IceCube 40, 59, 79 

point-source analyses. 

The Astrophysical Journal, 823:65 (12pp), 2016 May 20 

The red circle indicates the 
location of the most 
significant cluster:
(0.7σ post-trial significance) 

24/06/21



The Multi-Messenger Search Programme with a neutrino Telescope 

GCN (Gamma-ray
Coordination Network)

TAToO 
(Telescopes – ANTARES 
Target of Opportunity)

Optical follow-up of 
neutrino alerts for 

transient source search 
(GRBs, SNae).

Analysis in progress!

ANTARES
Optical Telescopes
TAROT & ROSTE + more 

ANTARES VIRGO
LIGO

common working group (GWHEN)
S. Adrián-Martínez et al.,

JCAP 06 (2013) 008

Flaring Sources
(n emission from g-flaring 

blazars/µQuasars)

ANTARES

ANTARES         GCN

Ageron et al., Astrop.Phys 35 (2012) 530-536

ANTARES       AUGER

A&A 559, A9 (2013),
JCAP 1303 (2013) 006

Adrian-Martinez et al.,
ApJ 774 (2013) 008

Gamma-Rays
X-Rays

blazars:      APP 36 (2012) 304; 
µQuasars: JHEAp, 3-4 (2014) 9-7

Neutrinos trigger others

Others trigger neutrinos
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The case for ANTARES



Search for neutrino-like tracks coming in time 
coincidence with an observed  GRB.
The knowledge of the time and the source position: 
• reduces the background
• improves the sensitivity

Data taking triggered by a satellite
(FERMI; SWIFT, INTEGRAL)

t =    0 s

t = 20 s

All data written to disk

t =-250 s

t = 200 s
Specific data filtering and reconstruction by searching 
for an excess of events in the GRB direction (offline)

t = 1 h

GCN alerts trigger the recording of all the low level 
triggers. A continuous buffer ensures the 
availability of the data before the alert

GCN=Gamma Ray Burst 
Coordination Network

24/06/21 Antonio Capone – Physics Department University La Sapienza & INFN  - 2nd Gravi-Gamma Workshop 29



ANTARES Multi-messenger program: an example
search for nµ from  very bright GRB sources

Antonio Capone – Physics Department University La Sapienza & INFN  - 2nd Gravi-Gamma Workshop 3024/06/21

A search was performed for 4 bright GRBs:
GRB080916C, GRB 110918A, GRB 130427A and GRB 130505A) 

observed between 2008 and 2013. 
The expected neutrino fluxes evaluated in the framework of:
- the fireball model have with the internal shock scenario (𝑬𝝂 ≥ 𝟏𝟎𝟎𝑻𝒆𝑽)
- the photospheric scenario (𝑬𝝂 < 𝟏𝟎𝑻𝒆𝑽)
No events have been found: 90% C.L. upper limits to the neutrino fluence.
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Figure 1: Solid lines: expected ‹µ + ‹µ fluences. Dashed lines: ANTARES 90%
C.L. upper limits on the selected GRBs, in the energy band where 90% of the signal
is expected to be detected by ANTARES. Top: IS model prediction (NeuCosmA).
Bottom: PH model prediction.
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ANTARES Multi-messenger program
search for nµ by stacking long GRB sources (1) 

Antonio Capone – Physics Department University La Sapienza & INFN  - 2nd Gravi-Gamma Workshop 3124/06/21



ANTARES Multi-messenger program
search for nµ by stacking long GRB sources (2)

Antonio Capone – Physics Department University La Sapienza & INFN  - 2nd Gravi-Gamma Workshop 3224/06/21



IceCube and Radio Blazars

Antonio Capone – Physics Department University La Sapienza & INFN  - 2nd Gravi-Gamma Workshop 3324/06/21

36 AGN
11 AGN

The authors: ‘…we conclude that AGNs with bright Doppler-boosted jets constitute an 
important population of neutrino sources’.     The search in the ANTARES data is going on …
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… but also … triggering on Neutrino Telescopes 
IceCube 170922A   very High Energy Event:
Trigger sent to other astrophysical experiments

Page 85

IceCube Trigger

43 seconds after trigger, GCN notice was sent
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Triggering on Neutrino Telescopes site
IceCube 170922   very High Energy Event:
Trigger sent to other astrophysical experiments
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36

IceCube 170922 

Fermi
detects a flaring
blazar within 0.06o

MAGIC
detects emission of
> 100 GeV gammas



IceCube 170922A coincides with the TXS0506+056 blazar

IceCube investigated 9.5 years of previously collected data searching for 
excess emission at the position of the blazar: found 3.5s evidence for 
neutrino emission from the direction of TXS 0506+056, independent of 
and prior to the 2017 flaring episode. This suggests that blazars are 
identifiable sources of the high-energy astrophysical neutrino flux.
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Multi-messenger astronomy: the ultimate approach

24/06/21 Antonio Capone – Physics Department University La Sapienza & INFN  - 2nd Gravi-Gamma Workshop 38



• A short gamma-ray burst (GRB) that followed the merger of this binary system was 
recorded by the Fermi-GBM (Eiso ~4·1046 erg) and INTEGRAL.

• Advanced LIGO and Advanced Virgo observatories reported  GW170817

• Optical observations allowed the precise localization of  binary neutron star inspiral in 
NGC4993 at ~40Mpc. 

• ANTARES, IceCube, and Pierre Auger Observatories searched for high-energy 
neutrinos from the merger in the 1011 eV–1020 eV energy range . 

• IceCube detector is also sensitive to outbursts of MeV neutrinos via a simultaneous 
increase in all photomultiplier signal rates. 
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Figure 1. Localizations and sensitive sky areas at the time of the GW event in equatorial coordinates: GW 90% credible-level localization
(red contour; Abbott et al. 2017c), direction of NGC 4993 (black plus symbol; Coulter et al. 2017a), directions of IceCube’s and ANTARES’s
neutrino candidates within 500 s of the merger (green crosses and blue diamonds, respectively), ANTARES’s horizon separating down-going
(north of horizon) and up-going (south of horizon) neutrino directions (dashed blue line), and Auger’s fields of view for Earth-skimming (darker
blue) and down-going (lighter blue) directions. IceCube’s up-going and down-going directions are on the northern and southern hemispheres,
respectively. The zenith angle of the source at the detection time of the merger was 73.8� for ANTARES, 66.6� for IceCube, and 91.9� for
Auger.

the interaction of cosmic ray particles with the atmosphere
above the detectors. This discrimination is done by consid-
ering the observed direction and energy of the charged par-
ticles. Surface detectors focus on high-energy (& 1017eV)
showers created close to the detector by neutrinos from near-
horizontal directions. In-ice and in-water detectors can select
well-reconstructed track events from the up-going direction
where the Earth is used as a natural shield for the dominant
background of penetrating muons from cosmic ray showers.
By requiring the neutrino interaction vertex to be contained
inside the instrumented volume, or requiring its energy to
be sufficiently high to be incompatible with the down-going
muon background, even neutrino events originating above
the horizon are identifiable. Neutrinos originating from cos-
mic ray interactions in the atmosphere are also observed and
constitute the primary background for up-going and vertex-
contained event selections.

All three observatories, ANTARES, IceCube, and Auger,
performed searches for neutrino signals in coincidence with
the binary neutron star merger event GW170817, each us-
ing multiple event selections. Two different time windows
were used for the searches. First, we used a ±500 s time
window around the merger to search for neutrinos associated
with prompt and extended gamma-ray emission (Baret et al.
2011; Kimura et al. 2017). Second, we searched for neutrinos
over a longer 14-day time window following the GW detec-
tion, to cover predictions of longer-lived emission processes
(e.g., Gao et al. 2013; Fang & Metzger 2017).

2.1. ANTARES

The ANTARES neutrino telescope has been continuously
operating since 2008. Located deep (2500 m) in the Mediter-
ranean Sea, 40 km from Toulon (France), it is a 10 Mt-
scale array of photosensors, detecting neutrinos with energies
above O(100) GeV.

Based on the originally communicated locations of the
GW signal and the GRB detection, high-energy neutrino can-
didates were initially searched for in the ANTARES online
data stream, relying on a fast algorithm which selects only
up-going neutrino track candidates (Adrián-Martı́nez et al.
2016b). No up-going muon neutrino candidate events were
found in a ±500 s time window centered on the GW event
time – for an expected number of atmospheric background
events of ⇠ 10�2 during the coincident time window. An ex-
tended online search during ±1 h also resulted in no up-going
neutrino coincidences.

As it subsequently became clear, the precise direction of
origin of GW170817 in NGC 4993 was above the ANTARES
horizon at the detection time of the binary merger (see Fig. 1).
Thus, a dedicated analysis looking for down-going muon
neutrino candidates in the online ANTARES data stream was
also performed. No neutrino counterparts were found in this
analysis. The results of these low-latency searches were
shared with follow-up partners within a few hours for the
up-going search and a few days for the down-going search
(Ageron et al. 2017a,b).

Here, ANTARES used an updated high-energy neutrino fol-
low up of GW170817 that includes the shower channel. It

The location of this source was nearly 
ideal for Auger.
It was well above the horizon for IceCube
and ANTARES for prompt observations. 
IceCube and ANTARES sensitivity is then 
limited for neutrinos with En < 100 TeV. 
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• No neutrinos directionally coincident with the source were
detected within ±500 s around the merger time. 

• Additionally, no MeV neutrino burst signal was detected (in 
IceCube) coincident with the merger.

• In Pierre Auger Observatory no inclined showers passing the 
Earth-skimming selection (neutrino candidates) were found in 
the time window ±500 s around the trigger time of GW170817. 

• No neutrino found in an extended search in the direction within 
the 14-day period following the merger. 

• GRB170817A’s observed prompt gamma-ray emission, as well as 
Fermi-GBM’s luminosity constraints for extended gamma-ray 
emission, are significantly below typical values for observed 
short GRBs. One possible explanation for this is the off-axis 
observation of the GRB. 
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to attenuation by the ejecta, we compare our neutrino con-
straints to neutrino emission expected for typical GRB pa-
rameters. For the prompt and extended emissions, we use the
results of Kimura et al. (2017) and compare these to our con-
straints for the relevant ±500 s time window. For extended
emission we consider source parameters corresponding to
both optimistic and moderate scenarios in Table 1 of Kimura
et al. (2017). For emission on even longer timescales, we
compare our constraints for the 14-day time window with
the relevant results of Fang & Metzger (2017), namely emis-
sion from approximately 0.3 to 3 days and from 3 to 30 days
following the merger. Predictions based on fiducial emis-
sion models and neutrino constraints are shown in Fig. 2. We
find that our limits would constrain the optimistic extended-
emission scenario for a typical GRB at ⇠ 40Mpc, viewed at
zero viewing angle.

4. CONCLUSION

We searched for high-energy neutrinos from the first bi-
nary neutron star merger detected through GWs, GW170817,
in the energy band of [⇠ 1011 eV, ⇠ 1020 eV] using the
ANTARES, IceCube, and Pierre Auger Observatories, as well
as for MeV neutrinos with IceCube. This marks an unprece-
dented joint effort of experiments sensitive to high-energy
neutrinos. We have observed no significant neutrino counter-
part within a ±500 s window, nor in the subsequent 14 days.
The three detectors complement each other in the energy
bands in which they are most sensitive (see Fig. 2).

This non-detection is consistent with our expectations from
a typical GRB observed off-axis, or with a low-luminosity
GRB. Possible gamma-ray attenuation in the ejecta from the
merger remnant could also account for the low gamma-ray
luminosity, which could mean stronger neutrino emission.
Optimistic scenarios for such on-axis gamma-attenuated
emission are constrained by the present non-detection.

While the location of this source was nearly ideal for
Auger, it was well above the horizon for IceCube and
ANTARES for prompt observations. This limited the sensitiv-
ity of the latter two detectors, particularly below ⇠ 100TeV.
For source locations near, or below the horizon, a factor of
⇠ 10 increase in fluence sensitivity to prompt emission from
an E�2 neutrino spectrum is expected.

With the discovery of a nearby binary neutron star merger,
the ongoing enhancement of detector sensitivity (Abbott
et al. 2016) and the growing network of GW detectors (Aso
et al. 2013; Iyer et al. 2011), we can expect that several binary
neutron star mergers will be observed in the near future. Not
only will this allow stacking analyses of neutrino emission,
but it will also bring about sources with favorable orientation
and direction.

The ANTARES, IceCube, and Pierre Auger Collaborations
are planning to continue the rapid search for neutrino can-

Figure 2. Upper limits (at 90% confidence level) on the neutrino
spectral fluence from GW170817 during a ±500 s window centered
on the GW trigger time (top panel), and a 14-day window follow-
ing the GW trigger (bottom panel). For each experiment, limits are
calculated separately for each energy decade, assuming a spectral
fluence F (E) = Fup ⇥ [E/GeV]�2 in that decade only. Also
shown are predictions by neutrino emission models. In the upper
plot, models from Kimura et al. (2017) for both extended emission
(EE) and prompt emission are scaled to a distance of 40 Mpc, and
shown for the case of on-axis viewing angle (0�) and selected off-
axis angles to indicate the dependence on this parameter. GW data
and the redshift of the host-galaxy constrain the viewing angle to
⇥ 2 [0�, 36�] (see Section 3). In the lower plot, models from Fang
& Metzger (2017) are scaled to a distance of 40 Mpc. All fluences
are shown as the per flavor sum of neutrino and anti-neutrino flu-
ence, assuming equal fluence in all flavors, as expected for standard
neutrino oscillation parameters.

didates from identified GW sources. A coincident neutrino,
with a typical position uncertainty of ⇠ 1 deg2 could signifi-
cantly improve the fast localization of joint events compared
to the GW-only case. In addition, the first joint GW and high-
energy neutrino discovery might thereby be known to the
wider astronomy community within minutes after the event,
opening a rich field of multimessenger astronomy with parti-
cle, electromagnetic, and gravitational waves combined.

ACKNOWLEDGMENTS

• The non observation of neutrinos allow to put limits both extended emission (EE) and 
prompt emission (scaled to a distance of 40 Mpc): limits are shown for the case of on-axis 
viewing angle (0) and selected off-axis angles to indicate the dependence on this parameter. 
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The global approach to next generation n Telescopes
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KM3neT/ARCA
optimized ~1.4 km3à >1 TeV

(1-5 km3)
construction 2015(18) – 2023
Deep – Sea water
high angular resolution
depth 2.7 – 3.3 km
no veto available 

IceCube-Gen2 
optimized ~   1 km3 à >1 TeV

~ 10 km3 à > 30 TeV
Operating 2021 – 2032
Ice (scattering, medium homogeneity, …)
Moderate angular resolution 
Depth 1.4 – 2.7 km
Surface Veto !!!

GVD
optimized ~0.4 km3à >10 TeV

(1.5 km3)
construction 2015 – 2024
Lake fresh water
good angular resolution
depth 0.7 – 1.2 km
no veto available 



KM3NeT Collaboration
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ORCA (Oscillation Research with Cosmic in the Abyss) 
1 collaboration, 1 technology👉 2 detectors:

ARCA (Astroparticle Research with Cosmics in the Abyss)



… yesterday, today, tomorrow …
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KM3NeT technology
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KM3NeT Building Blocks
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at the South Pole 
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IceCube Gen2
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a unique facility: vetoing downgoing events
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The Baikal – GVD project
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The Baikal – GVD project, the prototype
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Vladimir Aynutdinov



The Baikal – GVD project time schedule 
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Vladimir Aynutdinov – VLVnT 2021



KM3NeT – sensitivity to CCSN
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• CCSN: 
• Explosive phenomena ending the life 

of massive stars with ~1053 erg 
energy release

• 99% of gravitational energy goes into 
low energy n (~10 MeV) when 
optically thick (hours after observ.)

• Expected near CCSN ~1.5 per century



KM3NeT – sensitivity to CCSN
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Summary

• Astrophysical neutrino fluxes identified and measured

• The quest for point-like sources is going on

• Multimessenger-efforts:
• search for time-space coincidences

• Transient sources offer lower background conditions

• H.E.C.R., gamma, neutrino connection

• Better understanding on the acceleration mechanisms and the nature of sources 

(hadronic-leptonic)

• New generation Neutrino Telescopes soon coming in operation 
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Multi-messenger GW-n sensitivity

For the LIGO-VIRGO - ANTARES detectors:

For binary neutron star systems of (1.35-1.35) MSun
and black hole-neutron star systems of (5-1.35) MSun
typical distance limits are 5Mpc and 10Mpc respectively.

For the sine-Gaussian waveforms with EGW = 10-2 Msun c2 we find 
typical distance limits between 5 - 17Mpc in the low-frequency band 
and of order 1Mpc in the high-frequency band.

For other EGW the limits scale as D90%∝ (EGW/ 10-2 MSun c2)1/2
à EGW = 10-8 MSun c2 (typical for CCSN) a signal would only be 

observable from a Galactic source. 
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ARCA (Phase 2) discovery potential for point-like sources
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Hypothesis: 
• Neutrino spectra ~ En-2.
• 3 years observation time



KM3NeT – ORCA sensitivity to NMH
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• Time dependence of the KM3NeT sensitivity
• ORCA Mass Hierarch determination significance for dCP = 0∘




